Reports of neoplasms of the spinal cord. meninges. and surrounding tissues in the dog are rare.'-h I z Primary spinal meningeal tumors reported in the dog include meningeal sarcomas,J j . l l lymphoma,' typical mcningiomas similar to those seen in the cranial cavity. ' and an atypical histiocytic meningioma in the midcervical a r e a x There are also several reports of meningeal and vertebral involvement with nervc sheath tumors (Schwannomas. neurilemmomas, neurofibrosarcornas),'-"-" I 3 malignant histiocytosis,' primary bone sarcomas,'.('." and metastatic neoplasms." We report on four dogs with primary meningeal neoplasms ofthe dorsal rostral cervical spinal cord and caudal fossa that are morphologically distinct from previously reported tumors of the meninges in the dog.
Dog No. 1 is a male toy poodle that presented at 10 years of age with a 6-month history of ataxia and turning to the left. The dog had proprioceptive defects in all four limbs and stood with its head pulled to the left side. Computerized tomography (CT) demonstrated a mass in the dorsal caudal fossa extending to the foramen magnum. A I .j-cm-diameter gray friable mass was removed from the right dorsal caudal medulla and dorsal rostral portion of the first cervical segment of the spinal cord. The dog was treated postsurgically with lomustine (Bristol Laboratories. Evansville, IN) and presented again 1.5 years later with similar clinical signs consistent with rostral cervical spinal cord involvement. A CT scan demonstrated a contrast-enhancing mass extending from CI to the caudal medulla on the right side. The mass was removed, and the dog was alive at the time this report was written, 8 months following the second surgical procedure.
Dog No. 2 is a female Airedale terrier that presented at 7.5 years of age with a 3-month history of ataxia. There was right forelimb hypermetria. severe proprioceptive deficits in the right forelimb and hind limb. mild propioceptive deficits on the left side. and increased stretch reflexes in all four limbs. Magnetic resonance imaging (MRI) demonstrated an intradural mass on the right dorsal aspect of the spinal cord extending from the caudal aspect of C1 into the caudal fossa between the dorsal medulla and the ventral aspect of the cerebellum. The mass was removed. and the dog was alive at the time this report was written. 4 months following surgery. Dog No. 3 was a castrated male German Shepherd dog that presented at 10 years of age with an acute onset of seizures. MRI demonstrated a 2-cm mass in the dorsolateral 46 right frontal lobe, which was surgically excised and diagnosed histologically as a meningothelial meningioma with scattered psammoma bodies. One and a half years later, the dog presented with a head tilt to the right and proprioceptive deficits in both hind limbs and the right forelimb. MRI demonstrated a midline caudal fossa mass between the caudal medulla and cerebellar vermis. The mass was removed surgically and the dog improved neurologically but died of aspiration pneumonia. The brain was available for histologic examination. N o residual tumor was seen; however, the caudal medulla was not present in the specimen submitted.
Dog No. 4 was a female Afghan Hound that presented at 9.5 years of age with a history of neck pain, mild forelimb lameness, and hind limb ataxia of 4 months duration. The owner had suspected trauma to the cervical spine, and the dog had been treated intermittently with corticosteroids. Initial neurologic examination revealed very mild deficits. Three weeks later, the dog had developed more severe deficits, and a myelogram was attempted. Cerebrospinal fluid could not be obtained from the cisterna magna, and myelography was performed using a lumbar injection site, which demonstrated slight compression of the spinal cord at C6-7. After surgery to remove intervertebral disc material from the C6-7 space, the dog's neurologic signs were much worse and suggested the existence of a lesion cranial to the cervical intumescencc. The dog was euthanati7ed 7 weeks following surgery. At necropsy, a 2.5x 2.0x 1.5-cm gray gelatinous intradural mass was present in the dorsal vcrtcbral canal at C1 and extending into the caudal fossa. The mass severely compressed the first cervical spinal cord segment.
All four neoplasms were grossly and histologically similar. They all involved the dorsal caudal fossa and were intradural and extramedullary. The neoplasms were all located in the midline or laterally between the medulla and the cerebellum, and in three dogs (Nos. 1, 2, and 4) they extended caudally lo C1. The masses appeared to be well circumscribed but were not encapsulated. Two of the masses (dog Nos. 3 and 4) had solid or cystic areas that microscopically resembled typical meningothelial meningiomas (Figs. I , 2) . The bulk of all four tumors consisted ofpapillary structures with a central fibrovascular stroma and radiating round to oval to fusiform cells that appeared to peel away from the fibrovascular stroma (Fig. 3) . The cells had eccentric nuclei and abundant eosinophilic cytoplasm, often containing small clear cytoplasmic vacuoles (Fig. 4 ). Vacuoles were present in the majority of cells in dog Nos. 2 and 4. In hematoxylin and eosin (HE)-stained sections, two of the tumors (dog Nos. 2 and 4) had abundant. pale, amorphous, amphophilic myxoid background matrix that stained with mucicarmine, alcian blue, and periodic acid-Sehiff (Fig. 5) . The other two neoplasms contained less abundant background material. In dog No. 4, clusters of neoplastic cells and individual neoplastic cells were present in the stroma ofthe choroid plexus in the fourth ventricle and scattered in the leptomeningcs throughout the cervical spinal cord. lmmunohistochemical staining of formalin-fixed tissues using a streptavidin-biotin peroxidase system (ZYMED, South San Francisco. CA) demonstrated that all four neoplasms were negative for glial fibrillary acidic protein (GFAP, 1 : 3,000, Dako Corp., Carpenteria, CA) and positive for vimentin ( 1 : 20. Dako Corp.). Over 90% of tumor cells stained positive for vimentin after microwave pretreatment (Fig. 6 ). Two tumors (dog Nos. 3 and 4) had clusters of cells in the myxoid areas that stained positive for kcratin (AEl/AE3, 1 : 100, Boehringer Mannhiem, Indianapolis, IN). Epithelial membrane antigen (EMA) is routinely demonstrated in human meningiomas and breast epithelium. We attempted to detect this antigen by immunohistochemical technique. in these four neoplasms, in two more typical canine meningiomas, and in two canine mammary gland specimens (an adenoma and an inflamed and hyperplastic mammary gland). These additional tissues were all fixed in 10% buffered formalin. We were unable to detect this antigen in any of the trypsinized or nontrypsinized canine tissues using the same immunocytochemical techniques (streptavidin-biotin) and commercially available antibodies (1 : 10 and 1 : 80, Dako Corp.), whereas control human breast tissue was positive for EMA.
Although other meningiomas have been reported in the atlanto-occipital region in the dog," the histologic descriptions are not sufficient to allow comparisons with the meningiomas in these four dogs. A single papillary meningioma has been reported in the dog in the sella turcica.'" This neoplasm had both myxomatous and xanthomatous areas but was cytologically distinct from these four cases.
In addition to the unusual anatomical site of these four meningiomas, there are two other very unusual aspects of these cases. Dog No. 2 had two anatomically distinct meningiomas, one in the frontal area and one in the caudal fossa. They were morphologically distinctive and probably represent two different tumors, although we could not exclude metastatic spread of the larger frontal lobe mass to the caudal fossa. O n reexamination of the original MRI study of this dog, a small mass could be seen in the caudal fossa, which demonstrates that both masses were present at the initial presentation of this dog. Another very unusual feature is the presence of local dissemination ofthe neoplastic cells through the meninges of the cervical spinal cord and into the fourth ventricle in dog No. 4. We are unaware of previous reports of this phenomenon in the dog.
The histologic features that distinguish these meningiomas from others reported in the dog' are the vibrovascular papilliferous structures with attached round to oval cells ra- Cytoplasm is stained for vimentin in tumor cells and endothelial cells. Streptavidin-biotin peroxidase method, Mayer's hematoxylin counterstain. Bar = 50 wm. diating into a myxoid background where they often appeared as individual cells or clusters ofcells. The first two specimens, biopsies from dog Nos. 1 and 2, had no solid or cystic areas compatible with more typical meningiomas in the dog. This led to considerable confusion and an original diagnosis of atypical choroid plexus tumor. It was only after examining the third dog that we reali7ed that these were variations of more typical meningothelial meningiomas. These tumors might also be confused with chordomas or primitive cartilaginous tumors because of the clusters of cells with occasional vacuoles and the myxoid background matrix. The immunohistochemical results ( G F A P negative, vimentin positive) are consistent with those reported in meningiomas of dogs'" and humans.y Focal clusters of cells that stain with antibodies to keratin have been reported in meningiomas in humansy and reflect the embryological origins of the leptomeninges. In conclusion, myxoid meningiomas appear to be a rare but distinctive variant of canine meningiomas that should be recognized by veterinary pathologists.
